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Absiract, We will report on aspects of resonant tuser ablation (RLA) behavioe for a number of sumple
types: metals, alloys, thin films, zeolites and soll, The versutitity of RLA Is demonsizwed, with resulis
on a varicty of samples and in several mass spectrometors. In addition, the application to depth profiling of
thin films is deacribod: absolutc romoval rates and detaction limits are also displayed, A diascussion of
possible mochanisms for low-power ablation are presented.

Introduction

Ever since the first report of lascr action, it has been recognized that luser abladon
(evaporation/volatilization) may provide a useful sampling mechanism for chemical
analysis. In particular, lascr ablation is rapidly gaining popularity as a method of sample
introduction for mass spectrometry.  While most lascr ablation/mass spectrometry has been
performed with fixed frequency lascrs operating at relatively high intensitied/Muences (2108
Wicm?, 21 J/cm?), thore has boen some recont intervst in tho use of low-power tunable
lascrs w ablats und resonuntly lonize selected compononts in the ablation plume. This

rov2s8 hus been termed resonant laser ablation (RLA) 1. Potential advantages of RILA
nciude: 1) simplification of the muss apectrum; 2) improvement of the whsolute detection
limits; und 3) improvement in relative senshtivity.

Thix work reports on sspects of RLA behavior for s numbere of sample types, including
metals 2, alloys . thin films 4, soolitos 3 and soil, ‘The verautility of RLA for analytical
measurcements is outlined, with results on a variety of samples and in several mass
apectrometers, In additlon, the application to d‘e‘rth jwomlng of thin flims is described;
absoluke removal rates and detection limit are also displayed. An analyais of a variety of
fundamontal diagnostic experiments and calculations is given, and possible mechanisms tor
low-power ablation will also be presented.

Experimental

‘The experimenta preaantod by this work were conducted using elther a qundmpnlc lon
trap mass spectrarmeter (ITMS) or in a linear and/or reflectron Time of Flight (Tol’) mass
apectrometer. foth oxpurimental nmn’emenu are based upon excimer pumped dye lusers,
uaing a Questek XoCl excimer : Lumonics HDXMX) dye luscr for the ITMS work and a
Lumonics XeCl excimer: Lambda Physik FL2002 dye kaser for the ToF experiments, The

detalls of the experimental apparutus may be found ¢lsewhens 2, Figure | shows u
diagram of the experimental apparatus used for cach mass spectromenr,
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FIQURE 1. Schematic of the ITMS (A) and ToF (D) oxpoarimental system.

Samplcs were prepared as probes for these experiment by machlnlntﬁ into a probe u‘Fhe
for metal samples or by bonding thin {ilm wafers w suitable '8 with opoxy rosin,
powdered swnples such as soils or zeolites were bonded to either St wafers on stainless
steci (S8) probes or simply onto the SS probes using a cyanoucrylate ("super glue™) bused
ceinent.

Mechani-ic Studies and Measurements

The use of relutively low fMluence laver pulses (€ 107 W/em2) w sumple and selectively
ionize anulyws from u bulk solid sumple hus been referned W us resonant luser ublation
(RLA) by this and ather 6.7 rescarch roups. This method has received consideruble
uttention by this group since this V:1ser bused method requires minimal sample proparution
(Le.. nu chemical treutments or digests) and uffords good discriminution v nnl.uelzw signal
ubove the background. In RLA, analyte is buth desorbed and resonantly ivnized by
photuns from the same tuser pulse, with excellent spatinl and iemporal overllup  Assuming
a nominal velocity of 1 X 10% em/s 2 and u 1S naee pulse duration, the spatial eawent ol
the laser gencrated plume at the sample surfaco is ~ 13 um, corresponding to a plume
donsity of ~ 0.1 Torr. ‘The typical ioniration fraction for the "2+ 1" lonization step is
= 10-3, and the typlcal desorption yleld 10-0 for the RLA prwess,

Resonance seans of the varlous RLA lonbzatlon schemes show that the tranaltions

ohserved are laser hinewidth limitod ot ~40.17 em*! 3 but can he rcadily saturated by simall

increases in lascr power since RLA algnals huve been observed ' w have a slnrc -8
dopendence upon laser intenaity. By acanning the dye laaer across entire tranaition
multiplets for thermometric clements present In a aample and recording apectra, the
clectronic temperature for RLA cun be calculated based upan intenaities. For the two
photon spectrum of the a% - 312 and a0 < ¢3D multiplets of Fe(h), the calvutated
clectronic wmperatune for RELA was found to be « KK,
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In addition o the clectronic lemperature measurements, kinetic energy analyais of the
neutrals leaving the sample surface was measured by using a probe laser focused at one of
several fixed distances from the sample, By varyi Jm delay betweean the firing of the
ablation laser and the probe lascr, velocity disuizu ons were measured. These wers then

convered to translational temperatures of ~ 2700 K 2, This and the previous
measurements do not compare well with the calculated surface temperature of ~ 400 K
based upon a one dimensional T-Jump calculation; because the vbserved desorption yicld
is h‘ﬂhﬂi than antici for a strictly thermal desorption process, a non-therma! desorption
process is suspec
The relative signal strength obsorved for RLA is wonw dependent upon the

polarization of the laser light, and also upon the surface quality of the samples. For rough
sample surfaces (pre by S00 grit abrasive ), the signal intensitics from RLA
reflect the relative intenaity of the residual laser light reflected by the sample (S-polarization
?aw stmnieu reflection and ion signal), In contrast, for highly polished surfaces

100 A Cu on Ni or diamond polished Cu metal), the intensity of the RLA signal was
opposite to that observed for Hight reflocted by the sample. This suggosted that although the
same trend was observed for reflected light as a function of polarization, the different
sample surfaces yielded dramatic differences in lon yicld as a function of both surface
preparation and polarization. These data are presented in figure 2,
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FIQURE 2. Polarization Dependence of RLA signal for diferant suriace qualities. The solxl
lines represant obsarved ion signal whereas the detted lines represent the relative inteneity of
the laser pulss rellecied by the sample surince.

Summarizing the data presenipd, the material removed from solld samplos by the low
Muence laser pulses used Is much higher than would be anticipatd tor a strictly thermal
process, The wide variation In emperatune values dewermined eaperimentally from those
calculuted bused upon u thermud desompion mechaniam udd crudibility to a non-thermal
desorption hypothesis, and the non-lincar intensity dependence of the signal adda further
suppoit. The polurization dependence hased upon surface preparation suggests thut there
inay he some direct photo physical inieraction occurring, such ax could be mediawd by a
aurface plasmon interuction, Although surfaco plasmon interactions aro strictly forbidden u

lanar surfuces, on a microscopic level, the polished surfaces and deposiwd Nima huwe
rregularitics such as aggnegationa, kinka and acraichos that could act to couple electric field
srength from the incident rudiation to allow surface plasmion plienomena to oveur,
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Analytical Applications of Resonant Laser Ablation

A number of analytical applications have heen addressed by the application of RLA to
chemical analysis, By measuring the time (or number of laser shots) required to penetrate
copper films of known thickness 2.3, low fluonce removal raws were dotermined. For
typical pulse energies, the average volume removed was 3 X 1014 cm3 per pulse.
Assuming the same denaity as for bulk copper, this yiclds an average of < 107 atoma/shot,
or a depth removal rate of = 10-2 monolayer/shot and mass removal raie (MMR) of = 10°
13 /ahot. Assuming the MMR is similar for copper films as it is for a bulk copper sample,
thon the absoluto detaction limits for traco compononts in copper is given by the product of
MMR and the componcnt’s corcentrat.on, Lead was casily lonized and detected in a NIST
(#494) copper samplo at 25 ppm lovels, with a S/N 2 10(), reaulting in conscrvative
ahsolute detoction limits in the low attogram ranre.

The ml&sis of complex samples by RLA atlows the analyst (o discriminate analywe
signal from those of the bulk matrix, simply by selectivoly lonizin :J:uclcs of interest. The
mm¥sis of trace lead in soil samples was investigated for a NIST ? 355) Peruvian soil,
and for lead concentrations of 129 ppm, lead signals were casily observed with high
sclectivity, ‘This success lead to fu investigations in which a series of native soils
(Jemoz Mts,, NM) were apikod with various concentrations of lcad. The result of this
study was a lincar calibtation plot for lead over 8 decades of concentration (10 ppb -

1000 ppm), demonstrating the potential for RLA signal quantification.

The analysis of semivolatile (SV) organic compounds is often difficult hy mass
spectrometry, since these compounds are not nvadily introducod by cither gascous or direct
insertion methods. The use of a selective sorhont material such as a zeolite provides a
possible sample handling strategy for laser mass spectrometry on a solid sample support.

Because RLA was successful in selectively generating mewd jons for gas phuse reactions ¥,
metal (silver) ion exchanged mordenite ( a zeolite) was used as a selective sorbent for une
of the SV compounds of interest to this group, tri-butyl phosphate (TBP). By
ilm)hmunung LA tuncd to a "2+ 1" wransidon for silver ut 469.84 nm, silver iona were
efficiontly madc. and the reaction of these silver lons with the TBP desorbued by the same
lawer pulme gave a strong analytical signal for Ag(TBP) fonas, the first mass spectral
analysis of TBP that ylelded a predominant panent apecics in the mass spectrum,

Acknowledgements. The authors wonld like 0 thank Tom Tuylor , Bill Eael und Cireg Ekden foe helplal
discusaions and investigationa that contributed W forthyy undentanding of the nuchanistic sad/ior analytical
matorial presoniod by this wark,

REFERENCES

. Q. C. Elden, J. E. Anderson, and N, 8. Nogar, Microchem. J. 80, 289 300 (1994).

. €. Q. Gill, T. M. Allen, J. E, Anderson er al., Appl. Opt, 38, 2069 8S (1990).

. C.O. QLA W, Garrett, P, H Homberper e al, Speciochim. Acta, Pat B in

ress (1996).

. T. M, Alien, P. B, Kelly, J. Ii. Andeeson et al., A'ml Phys, A 61, 221-225 (199))

GO0, Gl AW, Clarroll, W, L, Karl e al., JASMS aubmitted (19v0),

€ Kc;ier. ¥. Verdun, and J. F, Muller, Freseniun’ 7., Anal. Chem, 322 (4), V/9.R2
(1Y83).

. C. ). Mclean, J, 11 Marah, A. I, Land et al., Int. J. Mass Spoctrom. lon Process 96
(1), R1-R? (1990),

L0, Chll, AW, Garrett, 1. HL Hemberger et al., JASMS 7, 6064 7 (1990),

B DR =

X D



